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Effect of Surface Segregation during Annealing and Surface
Oxide Film on Phosphate Coating of Cold Rolled Steel Sheet

Shigeru WAKRANO, Noriaki USUKI,

Minoru NisHIHARA, and Nobukatsu FUjINO

Synopsis:

The effects of the segregation of some elements and the transmutation of surface oxide film induced
during box annealing on the phosphating of cold rolled steel sheet have been studied through the
measurement of spontaneous potential in the KH,PO,/NaOH buffer solution of pH 7 and the surface
analysis by IMMA, ESCA and F. X.. ’

The first stage of the phosphate reaction is the dissolution of oxide layer at the steel surface. The
dissolution rate of oxide film depends largely on the bonding state of oxygen in the surface (whether
Fe-O bond or Fe-OH bond).

The layer having Fe-OH bond decreases the rate of phosphate nucleation.

The second stage is the growth of phosphate film. It is considerably affected by the enrichment of
Mn and P at the steel surface that occurs during annealing. These elements are identified as the oxide
state and have influence on the dissolution of iron, because of constituting the local cell with matrix
iron. The Mn enrichment accelerates iron dissolution and so enhances the growth of phosphate film.

But the P enrichment behaves oppositely.
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Table 1. Chemical composition of steels (wt2)

Steel | C Si Mn P S sol. Al
1 0.058] Tr [ 0.29| 0.012| 0.013| Tr
2 0.040/ 0.02 | 0.21 0.012 | 0.009 | 0.045

Table 2. Conditions of laboratory heat treatment.

Temperature| Time Atmosphere

100°C

1 ’\JSOOOC 2 h 100% Ar DI‘Y*

100°C
2| " sooec | Oh

* Dry: Dew point < —30°C
**  Wet : Dew point about 10°C

109, H, in N,
Dry* and Wet**
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Fig. 1. Effects of annealing temperature on spon-
taneous potential of steel 2 in Bonderite
N144 at 40~45°C (Annealing condition:

1)
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Fig. 2. Effects of dew point in annaling atmosphere

on phosphate nucleation time.
(Annealing condition: 2)
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Fig. 3. Effects of annealing temperature on weight
of phosphate film.
(Annealing condition: 1)
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Fig. 4. Effects of annealing temperature on surface
P concentration determined by F.X..
(Annealing condition: 2)
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Fig. 5. Variation in Mn concentration as a function
of depth below the original surface deter-
mined by IMMA.

(Annealing condition: 1)
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Fig. 6. Effects of annealing temperature on inte-
grated Mn intensity ratio. Mn intensity
determined by IMMA is integrated from
surface to 1 000A depth. Intensity ratio unit
based on cold rolled state. (Annealing condi~

tion : 1)
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Fig. 7. Effects of annealing temperature on pickel
weight-loss in 109 H,SO, solution (30°C,
10 min).
(Annealing condition: 2)
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Fig. 8. Relation between weight of phosphate film
and integrated Mn intensity ratio.
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Fig. 9. Relation between phosphate nucleation time
and Mn intensity at 50A depth from sur-
face determined by IMMA.
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11.

steel sheets by fluoresence X-ray analysis
and phosphated surface appearance.
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Fig. 13. ESCA spectra of O,g5 on steel surfaces
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Fig. 14(a). ESCA spectra of O;j. on laboratory
heat treated steels.
(1) 200°Cx5min in Air
(2) (1)+300°Cx20min in
10-% Torr
(3) (1)+400°Cx20min in
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Fig. 14(b) Cathodic reduction curves of labora-
tory heat treated steels. (current
density : 10pA/ cm?)
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